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PREFACE

This report has been prepared under guidance contained in the

Recommended Guidelines for Safety Inspection of Dams, for Phase I investi-
gations. Copies of these guidelines may be obtained from the Office of
Chief of Engineers, Washington, D.C. 20314. The purpose of a Phase I
investigation is to identify expeditiously those dams which may pose
hazards to human life or property. The assessment of the general condi-

tion of the dam is based upon available data and visual inspections.Ij: Detailed investigation, and analyses involving topographic mapping,
subsurface investigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation; however, the investi-
gation is intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported

condition of the dam is based on observations of field conditions at the

time of inspection along with data available to the inspection team. In

cases where the reservoir was lowered or drained prior to inspection,,

such action, while improving the stability and safety of the dam, remoes

the normal load on the structure and may obscure certain conditions

which might otherwise be detectable if inspected under the normal operat-
ing environment of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions, and

is evolutionary in nature. It would be incorrect to assume that the

present condition of the dam will continue to represent the condition of

the dam at some point in the future. Only through frequent inspections
' can unsafe c6nditions be detected and only through continued care and

maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydro-
logic and hydraulic analyses. In accordance with the established Guide-

lines, the spillway design flood is based on the estimated "Probable

Maximum Flood" for the region (greatest reasonably possible storm runoff),
or fractions thereof. The spillway design flood provides a measure of

relative spillway capacity and serves as an aid in determining the need
for more detailed hydrologic and hydraulic studies, considering the size

of the dam, its general condition and the downstream damage potential.

IThis document has bom CrOf
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PHASE I REPORT

NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITIONS
AND RECOMMENDATIONS

Name of Dam: WANGAUM FALLS DAM

State & State No.: PENNSYLVANIA, 64-102

V County: WAYNE

Stream: WANGAUM CREEK

Date of Inspection: October 25, 1979

'.-Based on the visual inspection, past performance and the available
engineering data, the dam and its appurtenant structures appear to be in
fair condition.--- -

In accordance with th Corps of Engineers' evaluation guidelines,
the size classification of this dam is small and the hazard classifi-
cation is high. The recommended Spillway Design Flood (SDF) is the
Probable Maximum Flood (PMF). The spillway capacity is inadequate to

pass the PMF peak inflow without overtopping the dam. The -Po3jeet is
capable of passing 70 percent of the PMF~and is considered to be
inadequate, but not seriously inadequate,

The following recommendations are presented for immediate action by
the owner:

1. That a professional engineer, experienced in the design and
construction of dams, review the stability of the spillway
walls. His recommendations for improvement should be imple-
mented immediately.

2. That the seepage in the downstream area be monitored on a
regular basis. If a volume'of flow increase i.f Jetected or if

a discoloration is noticed, immediate steps should be taken to
correct this condition.

3. That all brush and weed growth be removed from the embankment
and in an area 20 feet beyond the downstream toe a'nd that this
maintenance be repeated on a regular basis.

I



4. That a formal surveillance and downstream warning system be
developed for implementation during periods of heavy or
prolonged rainfall.

5. That a program be developed for regular maintenance and inspec-
tion of the dam and its appurtenant structures.

SUBMITTED BY: APPROVED BY:

BERGER ASSOCIATES, INC.
HARRISBURG, PENNSYLVANIA

DATE: March 10, 1980 AMES W. PECK
o lonel, Corps of Engineers

istrict Engineer

POS0LDATE:_______ __
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PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM
WANGAUM FALLS DAM

NDI-ID NO. PA-00141
DER-ID NO. 64-102

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

A. Authority

The Dam Inspection Act, Public Law 92-367, authorized the
Secretary of the Army, through the Corps of Engineers, to initiate a
program of inspections of dams throughout the United States.

B. Purpose

The purpose of this inspection is to determine if the dam
constitutes a hazard to human life and property.

1.2 DESCRIPTION OF PROJECT

A. Description of Dam and Appurtenances

Note: Project spillway crest elevation is 1193.25 (Appen-
dix E, Plate IV). The U.S.G.S. Quadrangle shows a
reservoir elevation 1057.00. This elevation is used
in this report as the top of spillway crest.

Wangaum Falls Dam is an earthfill dam with an embankment
length of 310 feet and a maximum fill height of 30 feet. The structure
has two spillways. One at the left abutment, which is the old spillway,
has been reconstructed and raised several times. The second spillway
was added in 1956 and is located in the right abutment. Both spillways
have a bridge for vehicle access to a home on the right bank of the
reservoir. The left spillway has a vertical slot closed off with
vertical boards (stoplogs). Removal of these boards could lower the
resecvoir to about 7 feet below spillway weir elevation. There are no
oth, r drawdown or control facilities for this dam. Heavy riprap pro-
tects the upstream slope and a stoned surface roadway is on top of the
embankment. The embankment was breached several times by floods prior
to the reconstruction in 1956.

-1-
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B. Location: Paupack Township, Wayne County
U.S.G.S. Quadrangle - Hawley, Pa.
Latitude 410-29.611, Longitude 75°-15.0 '

Appendix E, Plates I & II

C. Size Classification: Small (Height 30 feet
Storage 784 acre-feet)

D. Hazard Classification: High (Refer to Section 3.1.E)

E. Ownership: Wangaum Falls Association
c/o Mr. Edwin Thomas
991 Maple Avenue
Honesdale, PA 18431

F. Purpose: Recreation, private lake.

G. Design and Construction History

The first dam constructed at this site was a mill dam with an
unknown date of construction. This dam was 13 to 16 feet high and 290
feet long. A breach occurred at the left end which caused draining of
the reservoir. In 1925, a Mr. Kuhn requested a permit to close the
breach with a spillway, consisting of a masonry wall six feet thick.
The upstream section of this wall was cemented and an earthfill backing
was placed on the upstream side. The spillway was 50 feet long and had
a weir el.,,ation 4 feet below the top of the dam. A permit was granted
and the spillway was completed in 1926. On August 18, 1955, a breach
occurred during a flash flood. Plans for repair were drawn up by Mr.
L.F. Burlein, P.E., Honesdale, Pa., and a permit for repair was issued
on February 29, 1956. These plans included the raising of the embank-
ment and the addition of a second spillway in the right abutment. The
contractor for the repairs was Sherman Putman and the work was super-
vised and inspected by the Design Engineer. The work was completed in
November 1956.

H. Normal Operating Procedures

Since the reservoir is used for recreation, a pool level at
the spillway crest elevation is maintained. All inflow above this level
is discharged over the spillways. The reservoir can be lowered seven
feet, if required, for maintenance work. The owners have cabins and
homes around the reservoir.

1.3 PERTINENT DATA

A. Drainage Area (square miles)

From files: 8.7
Computed for this report: 8.4

Use: 8.4

-2-



B. Discharge at Dam Site (cubic feet per second)
See Appendix D for hydraulic calculations

Maximum known flood, August 18, 1955, 2008
inflow estimated on basis of U.S.G.S.
gage on Middle Creek near Hawley

Outlet works low-pool outlet None

Right spillway capacity at pool Elev. 1069.1 3415

(low point of dam)

Left spillway capacity at pool Elev. 1069.1 5219

Total spillway capacity 8634

C. Elevation (feet above mean sea level)

Top of dam (low point) 1069.1

Top of dam (design) 1070.0

Spillway crest - Left 1057
- Right 1056.8

Upstream portal invert (stoplog opening) 1050.4

Downstream portal invert None

Streambed at centerline of dam - estimate 1039

D. Reservoir (miles)

Length of normal pool .7

Length of maximum pool .9

E. Storage (acre-feet)

Spillway crest (Elev. 1057) 169

Top of dam (Elev. 1069.1) 784

F. Reservoir Surface (acres)

Top of dam (Elev. 1069.1) 70.2

Spillway crest (Elev. 1057) 32.8
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G. Dam

Refer to Plates III and IV in Appendix E for plan and section.

Type: Earthfill.

Length: 310 feet.

Height: 30 feet.

Top Width: Design: 14 feet.
Survey: 12 feet.

Side Slopes: As surveyed: Upstream - 1.8H to 1V
Downstream - 2H to 1V

Design: Both slopes - 2H to 1V

Zoning: Unknown.

Cutoff: Unknown.

Grouting: Unknown.

H. Outlet Facilities

Stoplog opening located near the center of the left spillway.

Invert: 1050.4

Width: Top = 6.5'
Bottom = 1.3'

I. SPILLWAY

Left Side

Type: Uncontrolled broaderested weir.

Length: Total length of 50.3 feet divided into 6 bays
by concrete piers 1.5 feet wide at bottom.

Bridge: Steel I beam vehicular bridge with wooden plank

deck spans the spillway and is located at the upstream
edge of the crest.

Crest Elevation: 1057

-4-
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511
Right Side

Type: uncontrolled ogee weir with sloping upstream face.

Length: 25'

Crest Elevation: 1056.8

J. Regulating Outlet

See Section 1.3.H.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

A. Hydrology and Hydraulics

Engineering data on the hydrologic and hydraulic design for
these facilities were limited to statements in Reports on the Applications
for Repairs. These reports were prepared by the Pennsylvania Department
of Environmental Resuurces (PennDER) or its predecessor, the Water
Supply Commission.

The spillway constructed in 1925 in the left abutment had a
capacity of 308 cfs based on a 4 foot depth, 50 foot length and a C-
factor of 3.27. The drainage area was calculated as 7.5 square miles at
that time. Additional discharge capacity was considered to be available
in the low portion of the embankment at the right, because this section
had a downstream vertical masonry wall. The dam withstood the flood of
1942, but breached in August 1955, due to overtopping of the low embank-
ment. The raising of the embankment and the construction of a second
spillway increased the total discharge capacity to 8700 cfs.

B. Embankment and Appurtenant Structures

Design data on the embankment are not available. Letters and

reports in the PennDER files indicate that the embankment had steep
slopes (lH to 1V) prior to 1955. A typical section on Plate III, Appen-
dix E, indicates slopes of 2H to 1V and a 4 foot deep cutoff trench at
the upstream toe. The only available design data for the appurtenant
structures are the construction drawings prepared in February 1956
(Appendix E).

2.2 CONSTRUCTION

The available construction data is limited to two letters from Mr.
Burlein who was the design and supervising field engineer. Blasting was
used for excavation at the right spillway. Immediately after construc-
tion, leakage existed at this point and was attributed to fissures in
the subsurface rock strata. The embankment was constructed 1.5 feet
higher than the design elevation. The concrete of the existing wing-
walls of the left spillway was of such poor quality that new wingwalls
had to be constructed in 1956, rather than extending the existing walls.

2.3 OPIRATION

There are no formal records of operation maintained by the owners.
All inflow above the normal pool elevation is discharged over the spillways.

-
I :,. -6-
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2.4 EVALUATION

A. Availability

The only engineering data available for examination for this
dam is located in the files of PennDER. The information is limited to
the three drawings reproduced in Appendix E and some application and
inspection reports.

B. Adequacy

The available information contained in the PennDER files,
combined with a visual inspection are considered sufficient for making a
reasonable assessment of the structure.

C. Operating Records

Formal operating records are not maintained for Wangaum Falls
Dam. Reports of repairs indicate that the dam failed prior to 1925, was
overtopped at a low section in the embankment in 1942 and was breached
in August 1955.

D. Post Construction Changes

There are no records of changes since the reconstruction of
1956 was completed. The visual inspection indicates, however, that
tilting abutment walls of the left spillway had been strengthened with
deadman anchors.

-7-
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

A. General

The general appearance of the Wangaum Falls Dam is fair. It
has two spillways: one at the left abutment and one at the right abut-
ment. The crest of the earthfill embankment and the upstream slope were
in good condition. Brush cutting on the downstream slope is required.
There is a wet area to the left of the right spillway, partially caused
by seepage, partially due to poor drainage. The walls of both spillways
show considerable cracking and some tilting.

The visual inspection check list and sketches of the general
plan and profile of the dam, as surveyed during the inspection, are
presented in Appendix A of this report. Photographs of the facilities
taken during the inspection are reproduced in Appendix C.

B. Embankment

The upstream slope of the embankment is in good condition and
has a dumped rock surface for protection. The weed growth was moderate
and only one small tree was observed on the slope. This tree should be
removed. The crest of the dam has a stone surface roadway over most of
its length and a small bituminous surfaced area at both sides of the

2 left spillway. The profile on plate A-If indicates that the low point
in the crest is at Elevation 1069.1. The horizontal alignment of the
dam has a sharp curve near the left end. The embankment butts against
the spillway walls at both ends.

The downstream slope has a considerable growth of weeds and

heavy brush at several locations (See Plate A-I). Seepage was not
detected on the slope, but a wet area was noticed along the toe.
Drainage is poor in this area and there is no toe drain. A large flow

of water (estimated 40 g.p.m.) was observed at the toe adjacent to a
high ridge next to the right spillway. The water was clear and appears
to originate from the spillway through the cracked rocks of the spillway.

A pond has been constructed about 70 feet beyond the toe. This pond is

fed through a siphon from the reservoir and is used to raise bait fish. ii
C. Appurtenant Structures

This dam has two spillways: one located in the left abutment
and one located in the right abutment. The original spillway is the one
located in the left abutment. It appears that the embankment and spillway
have been changed several times. A stone wall with a concrete face at

-8-
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the upstream side was placed on the old weir. The height is about seven
feet above the apron and the wall is capped with concrete. A vertical
slot in this wall is blocked by some boards, and will permit lowering of
the reservoir by about 7 feet if the inflow to the reservoir is small. 51

In 1956 the abutment walls were raised about five feet and
piers were erected on the top of this wall to support a vehicle bridge.
The upstream right abutment wingwall has tilted and is presumably stabi-
lized with deadman anchors. The downstream left wingwall has large
cracks. The overall condition of the walls is poor due to deterioration
and cracking.

The representatives of the owners stated that the dam was
breached due to overtopping in 1955, caused by failure of an upstream
dam (name unknown) and an upstream beaverdam. As a result of that
breach, the embankment was raised five feet and an additional spillway
was constructed in the right abutment. The ogee section of this spill-
way appears to be in good condition. However, considerable cracking in
the abutment wingwalls has occurred and the upstream left wall is tilted.

D. Reservoir Area

The reservoir area of this dam is wooded with only a few
cabins and houses. The banks appear to be stable. Some siltation has
been reported in the upper end of the reservoir, but not in recent
years.

E. Downstream Channel

The downstream channels of both spillways are wooded and have
exposed rock. The banks are stable and the two discharge channels join
about 500 feet downstream at Middle Creek. Two-thousand feet downstream
of the dam is a summer camp (Camp Watonka) located in a bend of the
river. The Borough of Hawley is located about three miles downstream.
The hazard category for Wangaum Falls Dam is therefore considered to be
"High."

ig3.2 EVALUATION

The visual inspection of these facilities indicates that the dam is
in fair condition. The tilting of walls, the considerable cracking of
wingwalls and the deterioration of concrete causes a concern about the

stability of these walls. There are no facilities to lower the lake
level below spillway elevation in case of an emergency. Some seepage

was detected near the toe of the dam. This is partially caused by the

lack of a toe drain. The amount of seepage appeared to be small.

'] " '-9-
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SECTION 4 OPERATIONAL PROCEDURES

4.1 PROCEDURES

The Wangaum Falls Dam, is a private recreational reservoir owned by
the Wangaum Falls Association. The membership is limited and only about

6 cabins or houses surround the reservoir. The pool level is maintained
at spillway elevation and there are no drawdown facilities besides the

slot in the left spillway. All inflow above normal pool level is dis-
charged over the spillways. A small (1.5 inch) plastic pipe siphon
feeds a small bait pond located at the downstream toe near the left

abutment.

4.2 MAINTENANCE OF DAM

Most of the brush cover on the dam is cut once a year, although in

several areas, cutting is still required. Several of the abutments and

wingwalls of the spillways have tilted. Some of these walls have been

stabilized with deadman anchors and the owners' representatives stated

that the left upstream wall of the right spillway will be stabilized
with a deadman anchor in the near future. Considerable cracking of the

abutment walls and wingwalls has occurred and no remedial action has
been taken.

4.3 MAINTENANCE OF OPERATING FACILITIES

The operating facilities for the Wangaum Falls Dam consists only of

some boards placed in a vertical slot in the left spillway. There are

no gates, valves or pipes at these facilities.

4.4 WARNING SYSTEM

There is no formal surveillance and downstream warning system.
Only one house is located on the right bank of the reservoir. Most
cabins in this area are occupied during the summer months.

4.5 EVALUATION

The overall operational and maintenance procedures for this dam are
limited and require additional attention. It is recommended that all
brush, trees and highweeds on the embankment be removed, that tilting

and cracked walls be reviewed by a professional engineer and repaired.
Plans for surveillance of the facilities and a downstream warning system
should be developed for use during periods of heavy or prolonged

precipitation.

-10-



SECTION5- HYDROLOGY/HYDRAULICS

5.1 EVALUATION OF FEATURES

A. Design Data

The hydrologic and hydraulic analysis available from PennDER
for Wangaum Falls Dam was not very extensive. No area-capacity curve,
frequency curve, unit hydrograph, design storm, design flood hydrograph,
nor flood routings were available.

B. Experience Data

The maximum known flood at Wangaum Falls Dam occurred on
August 18, 1955, when the dam was overtopped and a breach occurred. It
was reported that during this event an upstream beaver dam failed,
contributing a large amount of impounded water to the flood discharge
already flowing in Wangaum Creek. This resulted in the overtopping and
breach of Wangaum Falls Dam.

C. Visual Observations

On the date of the inspection, no conditions were observed
that would indicate that the appurtenant structures of the dam could not
operate satisfactorily during a flood event, until the dam is overtopped.
It was noted that the top of the vertically installed stoplogs extended
about three feet above the left spillway crest. This would tend to
reduce the discharge capacity and creates an additional obstruction on
which debris could accumulate. A concern exists about the structural
integrity of the spillway walls.

D. Overtopping Potential

Wangaum Falls Dam has a total storage capacity of 784 acre-
feet and an overall height of 30 feet above streambed. These dimensions
indicate a size classification of "Small". The hazard classification is
"High" (See Section 3.1.E).

The recommended Spillway Design Flood (SDF) for a dam having
the above classifications is in the range of one-half the Probable
Maximum Flood (PMF) to the full PMF. Since this dam has a history of
overtopping and failing resulting in loss of life, the SDF should be

the full PMF. For this dam, the PMF peak inflow is 13,786 cfs (See
Appendix D for HEC-I inflow computations).

Comparison of the estimated PMF peak inflow of 13,786 cfs
with the estimated combined spillway discharge capacity of 8634 cfs
indicates that a potential for overtopping of the Wangaum Falls Dam
exists.

',



An estimate of the storage effect of the reservoir and routing
of the computed inflow hydrograph through the reservoir shows that this
dam does not have the necessary storage available to pass the PMF without I
overtopping. The spillway-reservoir system can pass a flood event equal
to 70% of a PMF.

E. Spillway Adequacy

The small size category and high hazard category, in accor-
dance with the Corps of Engineers criteria and guidelines, indicates
that the spillway design flood for this dam should be in the range of
one-half the PMF to the full PMF. Because of this dam's history of
failure, the SDF should .be the full PMF.

Calculations show that the combined spillway discharge
capacity and reservoir storage capacity are capable of handling 70%
of the PMF. Although failure of the two upstream dams was not included
in the analysis, it should be noted that failure of those two dams
would decrease the percent of PMF that Wangaum Falls Dam can pass with-
out overtopping.

Since the combined spillway discharge and reservoir storage
capacity cannot pass the PMF but can pass more than one-half of the PMF
without overtopping, the combined spillway capacity is judged to be
inadequate, but not seriously inadequate.

The hydrologic analysis for this investigation was based upon
existing conditions of the watershed. The effects of future development
were not considered.

12
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t SECTION 6- STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY4

A. Visual Observations

1. Embankment

The visual inspection of Wangaum Falls Dam indicates
that the slopes are apparently stable. The surveyed upstream olope
was 1.8H to 1V instead of the design slope of 2H to lV. The slope is
well protected with dumped rock and no signs of distress were noticed on
the downstream slope. Although leakage was apparent near the downstream

area of the right spillway, most of the water appeared to originate from
the spillway. Heavy brush on the downstream slope prevents a thorough

inspection.

2. Appurtenant Structures

The visual observations of the appurtenant structures

indicate that problems exist with the wingwalls of the two spillways.
Serious cracking was observed on several of the walls. Other walls are
tilting, indicating possible stability problems. One wall has been
provided with deadman anchors.

B. Design and Construction Data

1. Embankment

Detailed design and construction data for the embankment
are not available. The embankment was repaired and increased in height
in 1956. The typical section on Plate III, Appendix E, shows slopes of
2H to 1V and an upstream cutoff trench, 10 feet wide and 4 feet deep.
The fill was placed in 6 inch layers and rolled with a 10 ton roller.
Heavy riprap was placed on the upstream slope.

2. Appurtenant Structures 
:

The available design data for the spillways are limited
to the design drawings reproduced in Appendix E. Plate IV shows the Aadditions to the left spillway. Due to the poor concrete quality,

dowels were not used for extension of the walls. New walls were con-
structed, apparently with new cutoff walls. The right spillway is
detailed on Plate V. A typical section of the abutment walls shows

a footing vidth of 5.17 feet for an overall height of 20.5 feet. This
width of footing is not adequate for a cantilevered retaining wall of

this height and tilting and subsequent failure of the walls can be '1
expected. The reinforcement shown in the typical section is not con-
sidered sufficient. Cracking and failure of the wall can be expected if
corrective measures are not taken.

-13-



C. Operating Records

There are no formal operating records for this dam. Reports
indicate that seepage has occurred since reconstruction in 1926. The
leakage near the right spillway has been reported since its construction
in 1956.

D. Post Construction Changes

Since the last reconstruction was completed in 1956, the only
correction made to the structure consisted of the stabilization of a
spillway wingwall with deadman anchors.

E. Seismic Stability

This dam is located in Seismic Zone l and it is considered
that the static stability of the embankment is sufficient to withstand
minor earthquake-induced dynamic forces. No studies or calculations
have been made to confirm this assumption. The spillway walls are
presently in unstable condition and should be improved.

5
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SECTION 7- ASSESSMENT AND RECOMMENDATIONS

7.1 DAM ASSESSMENT

A. Safety

The visual inspection and the review of available design and

construction information indicate that Wangaum Falls Dam and its appurte-
nant structures are in fair condition. The inspection did not detect
any signs of instability of the embankment and its slopes are considered
to be adequate. Although seepage is occurring, the amount and location
of the seepage does not raise a concern at the present time. Monitoring
of this condition is recommended.

The stability of the wingwalls of the spillways is a serious
concern. Failure of these walls during a high pool level could cause
failure of the dam and endanger the downstream area.

In accordance with the Corps of Engineers evaluation guide-

lines, the size classification of this dam is small, the hazard classifi-
cation is high and the recommended SDF is the PMF. The two spillways
are inadequate for passing the full PMF peak inflow without overtopping
the dam. The combination of storage and spillway capacity is sufficient
for passing 70 percent of the PMF and although the spillway is inade-
quate, it is not considered to be seriously inadequate.

B. Adequacy of Information

Although the available engineering data are not sufficient to
make a detailed analysis of the stability of the dam and its appurtenant
structures, the available drawings, reports and the observed physical

conditions are judged sufficient for making a reasonable assessment of
the overall condition of the dam.

C. Urgency

The recommendations presented below should be implemented
without delay.

D. Necessity for Additional Studies

Additional studies will be required to ascertain the stability "
of spillway walls.

-15-



"17"M IF5

7.2 RECOMMENDATIONS
In order to assure the safe operation of this dam, the following

recommendations are presented for irilementation by the owner: f i

1. That a professional engineer, experienced in the design and
construction of dams, reviews the stability of the spillway
walls. His recommendations for improvement should be imple-
mented immediately. $

2. That the seepage in the downstream area be monitored on a
regular basis. If a volume of flow increase is detected or if
a discoloration is noticed, immediate steps shall be taken to
correct this condition.

3. That all brush and weed growth be removed from the embankment
and in an area 20 feet beyond the downstream toe and that this
be repeated on a regular basis.

4. That a formal surveillance and downstream warning system be
developed for implementation during periods of heavy or
prolonged rainfall.

5. That a program be developed for regular inspection and main-
2 tenance of the dam and its appurtenant structures.
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CHECK LIST

PHASE I - VISUAL INSPECTION REPORT

PA DER # 64-102 NDI NO. PA-O0 141

NAME OF DAM WANGAUM FALLS DAM HAZARD CATEGORY High

TYPE OF DAM Earthfill

LOCATION Paupack TOWNSHIP Wayne COUNTY, PENNSYLVANIA

INSPECTION DATE 10/25/79 WEATHER Cloudy, Cold TEMPERATURE 40's

INSPECTORS: R.V. Houseal(Recorder) OWNER'S REPRESENTATIVE(s):

H. Jongsma Edwin Thomas

R. Shireman Robert W. Birdsall
A.W. Bartlett

NORMAL POOL ELEVATION: 1057 U.S.G.S. AT TIME OF INSPECTION:

BREAST ELEVATION: 1069.1 POOL ELEVATION: 1057

SPILLWAY ELEVATION: 1057 & 1056.8 TAILWATER ELEVATION:

MAXIMUM RECORDED POOL ELEVATION: Unknown

GENERAL COMMENTS:

Earth Embankment - Two spillways - Left Side: broad crested weir
with stoplogs (10" each) - in vertical slot. Bridge on support -

5 piers; Right Side: uncontrolled ogee section - roadway across
top of embankment- bridge across each spillway.

A-I



NDI NO. PA-O0 141
VISUAL INSPECTION

EMBANKMENT

__-__"_.. ... _ OBSERVATIONS AND REMARKS
A. SURFACE CRACKS None observed.

B. UNUSUAL MOVEMENT None detectible.
BEYOND TOE

C. SLOUGHING OR EROSION None observed.
OF EMBANKMENT OR
ABUTMENT SLOPES

D. ALIGNMENT OF CREST: Horizontal alignment -curve & tangent okay.

HORIZONTAL: Verticle -see profile Plate A-II.

E. RIPRAP FAILURES Upstream slope of embankment covered with

dumped rock with some short weed growth. One.A
small evergreen tree. Rip rap is in stable
condition.

F. UNTIN EBAKMNT Embankment abuts one spillway wall at both the
&ABUTMENT OR left and right ends. The abutments appear to
SPILLWAY be stable.

I'

G. SEEPAGE Refer to sketch Plate A-I.

H.- DRAINS One small diameter plastic pipe is carried over
the dam to the small pond downstream at the
left end of the embankment. This siphon is the

___________________ water gupnly-for the small pond. The pond is
J. GAGES &RECORDER used to raise bait fish.

None.9

K. COVER (GROWTH) Top Stone surface roadway.
H Z LUpstream - dumped rock with moderate weed

growth and one small evergreen tree.
G.n Sntrm -to pps Pnat rI h

A-2
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NDI NO. PA-O0 141

VISUAL INSPECTION
OUTLET WORKS

i_ _OBSERVATIONS AND REMARKS
A. INTAKE STRUCTURE None.

B. OUTLET STRUCTURE. None.

C. OUTLET CHANNEL
None.

D. GAT'ESNoe

E. EMERGENCY GATE
Stoplogs in vertical slot could lower lake about
7 feet.

F. OPERATION &
CONTROL None.

G. BRIDGE (ACCESS)N

A-3
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NDI NO. PA-O0 141

KVISUAL INSPECTION
SPILLWAY

OBSERVATIONS AND REMARKS
A. APPROACH CHANNEL Left Spillway - directly from reservoir left

side. Right Spillway - directly from reservoir
right side.

B. WEIR: Left - Broad crested weir (5 piers for bridge)
Crest Condition Right - Ogee section, unobstructed.
CracksDeeriorLeft Walls - some cracks & deterioration.
Deterioration Right Walls - major diagonal cracks thru walls
Foundation and some surface spalling.
Abutments

Vi "C. DISCHARGE' CHANNEL: Left - natural stream rock bottom steep sides -

Lining paved apron - no basin.
C racks Right - natural stream rock bottom steep sides -Stilling Basin
Sno basin - concrete apron.

D. BRIDGE & PIERS Left - wooden deck, steel beams, 5 piers.
Right - wooden deck, steel beams, no piers.

E. GATES &OPERATION

ESIPMEAT ILeft - Stoplogs -4 @ 10" each in a 7 feet
EQUIPMENTdepso. deep slo4.

Right - Uncontrolled.

Dam was breached in 1955, partially caused by
failure of a beaver dam and another dam upstream

Dam was raised 5 feet and the second spillway
was installed.

A-4



NDI NO. PA-00 141,

Q) VISUAL INSPECTION

____ ____ ____OBSERVATIONSANDREMARKS

I NSTRUMENTAT ION

*~ IMonumentation None.

Observation Wells None.

Weirs None.

Piezometers None.

Staff Gauge None.

Other None.

RESERVOIR

SloesWooded -stable -Est. 2:1.

Sedimentation None reported except some at the upstream end of
the reservoir.

Watershed Mostly wooded.
Description

DOWNSTREAM CHANNEL

Condition Natural stream with heavy rocks.

Slopes Stable, rock surface, treelined.

Approximate Sumer Camp, Camp Watonka, population varies.
Populat ion

No. Homes Several cabins.

A-5
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CHECK LIST

ENGINEERING DATA

PA DER # 64-102 NDI NO. PA-O0 141

NAME OF DAM WANGAUM FALLS DAM

ITEM REMARKS

AS-BUILT DRAWINGS None.

REGIONAL VICINITY MAP U.S.G.S. Quadrangle Hawley, Pa.
See Plate II, Appendix EIA

Old mill pond, which was breached. Rebuilt in

CONSTRUCTION HISTORY 1926 with a spillway in breach. Dam breached in
1955, repaired in 1956. Dam raised 5 feet and
new spillway added in right abutment. Information
from PennDER files.

GENERAL PLAN OF DAM See Appendix E, Plate III.

TYPICAL SECTIONS See Appendix E, Plate IV & Appendix A.
OF DAM

AOz

OUTLETS: Appendix E.

PLAN
DETAILS
CONSTRAINTS
DISCHARGE RATINGS Some calculations by PennDER for permit approval.

PennDER files.

B-1



ND! NO. PA-00l4l

I TEM REMARKS

RAINFALL &
RESERVOIR RECORDS No records.

DESIGN REPORTS None located.

GEOLOGY REPORTS None.

DESIGN COMPUTATIONS: None, except some calculations by PennDERI

HYDROLOGY & to check spillway capacities in 1956.
HYDRAULICS

DAM STABILITY None.
SEEPAGE STUDIES None.

MATERIALS INVESTIGATIONS: None.
BORING RECORDS"IA
LABORATORY
FIELD

POST CONSTRUCTION None.
SURVEYS OF DAM

ABORROW SOURCES Unknown.

4 4
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NDI NO. PA-O0 141

k-) 
ENGINEERING DATA

ITEM REMARKS

MONITORING SYSTEMS None.

MODIFICATIONS Dam raised in 1956 by 5 feet, and spillway
added. See Plates in Appendix E.

HIGH POOL RECORDS Not existing.

POST CONSTRUCTION None.
ENGINEERING STUDIES
& REPORTS

After reconstruction in 1926, dam was breached
PRIOR ACCIDENTS OR in 1955 due to overtopping. Owner stated that
FAILURE OF DAM this was caused by failure of an upstream beaver

dam. There are no engineering records. Letters
Description: indicate possibility of a low point in

embankment.

Reports: 
41

MAINTENANCE & None.
OPERATION RECORDS

SPILLWAY PLAN, SECTIONS See Appendix E. These are the only available
AND DETAILS drawings.

B-3
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NDI NO. PA-GO 141

ENGINEE.NG DATA

ITEM REMARKS

OPERATING EQUIPMENT,1oe
PLANS £DETAILS

CONSTUCTIN REORDS Two letters from the Design Engineer dated
December 1956. These letters detail some of -

the

PREVIOUS INSPECTION Int.,*ection reports by PennDER indicating
REPORTS &DEFICIEN~CIES seepage at toe, heavy brush on downstream

slope.

MISCELLANEOUS

B-4
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NDI NO. PA-O0 141

I.~) CHECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Mostly wooded.

ELEVATION:

TOP NORMAL POOL & STORAGE CAPACITY: Elev. 1057 Acre-Feet 168.8

TOP FLOOD CONTROL POOL & STORAGE CAPACITY: Elev. 1069.1 Acre-Feet 784

MAXIMUM DESIGN POOL: Elev. 1069.1

TOP DAM: Elev. 1069.1

SPILLWAY: LEFT RIGHT

a. Elevation 1057 1056.8

b. Type broad crested ogee

c. Width 50.3 ft. 25 ft.

d. Length 6 ft.

e. Location Spillover left abutment right abutment

f. Number and Type of Gates none none

OUTLET WORKS:

a. Type Stoplog opening

b. Location Near center of leftspillway

c. Entrance inverts 1050.4

d. Exit inverts 1050.4

e. Emergency drawdown facilities Stoplog opening

HYDROMETEOROLOG I CAL GAGES:

a. Type None

b. Location '_ "____ _

c. Records

MAXIMUM NON-DAMAGING DISCHARGE: 8634 cfs

B-5
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BRIDGE OVER LEFT SPILLWAY -NO. 2

UPTRA VIWIETSILA O
PA-014

Plat CI



jCRACKED LE~FT WINGWALL, LEFT SPILLWAY -NO. 4

xw z2

AO-

I7

I TILTING AND ANCHORED RIGHT WINGWALL4
LEFT SPILLWAY -NO. 5

PA-00141

Plate C-111
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DOWNSTREAM SIDE, LEFT SPILLWAY -NO. 6

I UPSTREAM SIDE, RIGHT SPILLWAY -NO. 7

C PA-00141

Plate C-IV
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TILTING LEFT WINGWALL, RIGHT SPILLWAY -NO. 8

OGEE SECTION, RIGHT SPILLWAY -NO. 9

1 ~ *Plate C-V



DOWSTREAM SLOPErr WITH BRUSH
TREES CLOSE TO TOE -NO. 10

I, I .1 31VI

Lit

DOWNqSTREAM SLOPE LEFT SIDE -NO. 11

PA-00 141j
Plate C-Vt
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POND DOWNSTREAM OF DAM -NO. 12

AA.

'I P

RESERVOIR AREA -NO. 13

PA-00141

Plate C-VII
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SUMARY DESCRIPTION
OF ?

FLOOD HYDROGRAPH PACKAGE (HEC-l)
DAM SAFETY VERSION

The hydrologic and hydraulic evaluation for this inspection report

has employed computer techniques using the Corps of Engineers computer

program identified as the Flood Hydrograph Package (HEC-l) Dam Safety

Version.

The program has been designed to enable the user to perform two
basic types of hydrologic analyses: (1) the evaluation of the over-
topping potential of the dam, and (2) the capability to estimate the

downstream hydrologic-hydraulic consequences resulting from assumed
structural failures of the dam. A brief summary of the computation

procedures typically used in the dam overtopping analysis is shown

below.

<I Development of an inflow hydrograph to the reservoir.

Routing of the inflow hydrograph(s) through the reservoir

to determine if the event(s) analyzed would overtop the

dam.

Routing of the outflow hydrograph(s) of the reservoir to I
desired downstream locations. The results provide the

peak discharge and maximum stage of each routed hydrograph
at the outlet of the reach.

The output data provided by this program permits the comparison of A

downstream conditions just prior to a breach failure with that after a

breach failure and the determination as to whether or not there is a

significant increase in the hazard to loss of life as a result of such a

failure.

The results of the studies conducted for this report are presented

in Section 5.

For detailed information regarding this program refer to the Users
! I Manual for the Flood Hydrograph Package (HEC-l) Dam Safety Version 1

prepared by the Hydrologic Engineering Center, U.S. Army Corps of 'n
Engineers, Davis, California.
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HYDROLOGY AND HYDRAULIC ANALYSIS
DATA BASE

2 NAME OF DAM: WANGAUH FALLS RIVER BASIN: DELAWARE

PROBABLE MAXIMUM PRECIPITATION (PMP) 21.5 INCHES/24 HOURS"

(FOR FOOTNOTES SEE NEXT PAGE)

STATION I 2 3 4

STATION DESCRIPTION CLEMO CLEMO POND COBB OBB LAKE
POND DAM LAKE DAM

DRAINAGE AREA (SQUARE MILES) .41 .72

CUMULATIVE DRAINAGE AREA .41 .41 .72 .72
.7, (SQUARE MILE)

~cc6 HOURS ii11" 
'

w 12 HOURS 123 123
0 o 24 HOURS 133 133' 2 z 48 HOURS 142 142

4, 72 HOURS

4 ' __ _ _ _ _ _ _ _ _ __ _ _ _ _ __ __I!

ZONE 31

n- C p /Ct
C 0.45/1.23 0.45/1.23

S L co(MILES) .6

. Tp C= C(LLco) O '  (hours) Tp ==Ct (L? .
- L .63 1.20

I-

o ~ ~~ coFIESADT)12

,, I 4EXPONENT 1.5 1. 5

41 6

E, )ELEVATION 1411 1327

NORMAL POOL 83.3 372

T-= I (L 
24 hors'~~6 1.20LV.11,

RELEV. (FT) I 2

NORMAL POOL(F. 27.6 306.9
(n" ELEVA ........ .410 = 0 1302.31= 0

n e),

i I'  "" ELEV .. . . :' !

ELV 14 0.. 132. 0



HYDROLOGY AND HYDRAULIC ANALYSIS
DATA BASE

NAME OF DAM: WANGAUM FALLS RIVER BASIN: DELAWARE

PROBABLE MAXIMUM PRECIPITATION (PMP) =_INCHES/24 HOURS

(FOR FOOTNOTES SEE NEXT PAGE)

STATION 1 2 _ 4"

WANGAUDI WANGAUM;,
STATION DESCRIPTION FALLS LAKE FALLS DAM •_I

DRAINAGE AREA (SQUARE MILES) 7.26 -,

CUMULATIVE DRAINAGE AREA 8.39 8.39
(SQUARE MILE)

cI 6 HOURS 111

0 12 HOURS 123
L < 0  24 HOURS 133
2 z 48 HOURS 142

i w72 HOURS

ZONE' 3 }  1
0.

cp n/Ct 0.45/1.23
w L (MILES) '  4.91ow

L c(MILES) 53  3.13

wc 0.3Tp Ct (L'Lco) (hours) 2.79
z4

LEFT RIGHT

CREST LENGTH (FT.) 50.3 25

4 FREEBOARD (FT.) 12.1 12.3

DISCHARGE COEFFICIENT 3.1 3.92

EXPONENT 1.5 1.5
-j

, ELEVATION 1057 1056.8

NOR.MAL POOL 32.8

SELEV. 1060 43.8 

- ELEV. 1080 101." ELEV. i0.9

NORMAL POOL '  
168.8

_ U , ELEV. 1041.6 0

0 r ELEV.

ELEV

LL1777 -- -
,d



()ymterloi. Report 33 (F~iguire 3.), U.S. Army, Corps of
Engineers, 1956.

(2)Hydrometeorologica1 Report 33(Figure 2), U.S. Army, Corps of
Enginees,_1956

(3)Hydrological zone defined by Corps of Erigineers, Baltimore District,
for determining Snyder's,Coe~fficients (C p and CO).

7 (4) nyders Coefficients.

(5)L Length of longest water course from outlet to basin divide.

L Length of water course from outlet to point opposite the
ca centroid of drainage area.

(6)Planimetered area encompased by contour upstream of dam.

(")'Pc.nnIDER fla
(3)Computed by conic method.
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FLOOD SYHROGRAPH PACKAGE (HEC-I)
DAM SAFETY VERSION JULY 1978

LAST MODIFICATION 26 FEB 79

. Al WANGAUM FALLS 0411 04 WANGAUM CREEN
2 A2 PAUPACK TUP., hYTIPE Cf.I ITi, PA.
3 A3 NDI 4 PA-00141 PA DER t 64-102
4 B 300 0 15 0 0 0 0 0 -0
5 BI 5

7 Jil 1 9 o8 .7 46 .5 .4 .25 ,.

9 KI INFLOW HYDROGRAPH - LAKE CLEMO SUBAREA
10 K 1 1 ,41 8.39
11 P 21,5 111 123 133 142
12 T 1 .05
13 N .63 ,45
14 X -1.5 .05 2
15 K I 2
16 EI RESERVOIR ROUTING - THRU LAKE CLEMO
17 Y I
1 YI 1 27.0
19 A 0 83.3 116,3
20 iE 1410 1411 1420
21 05 1411 8 2.7 1.5
)r 2 $D 1412 2,7 145 150
23 K 1 3

24 XI ROUTING THRU REACH 2 - 3
25 Y

26 Y1 1
27 Y6 ,1 .05 .1 1369 1420 1850 .022
28 Y7 0 1420 450 1400 630 1380 700 1369 6C 1Z69
29 Y7 800 1390 1170 1400 1430 1420
30 N 1 4
31 KI ROUTING THRU REACH 3 - 4
32 Y I
33 Yi 1
3,4 . ,I .07 . 1275 1320 3900 .045
35 Y7 0 1320 280 1300 320 1280 340 1275 350 .275
36 Y7 380 1280 550 1300 680 1320
37 K 5 i
38 KI INFLOW HYDROGRAPH - COBB POND SUBAREA
39 1 1 .72 8.39
40 P 21,5 111 123 133 142
41 T 1 05
42 W 1,2 .45

I0 43 X -1,5 -,05 2
44 K 1 6
iS Kl RESERVOIR ROUTING - ThRu COBB PC~8

r 46 Y I

47 Y1 1 266.9
40 A 0 37.2 57,4
4 9 6E1302.3 1327 1340
9 0 ~ 1327 20 2,7 l1

1 51 0D 1329 2,7 1,5 3001

*53 KI ROUTING THRU REACH 6- 7
54 Y I

' i ' )55 Yi I -I

56 Y6 .1 .08 .1 1283 1340 2350 .012557 Y7 0 1340 350 1320 440 1300 730 12 G



53 Ni ROUTING IIIRU REACH6-7
C:4 Y

( 55 Y I!

56 Y6 1l .08 -t 1283 1340 2350 o0125
57 Y7 0 1340 0 13,0 440 1300 730 12G3 740 1283
58 Y7 930 1300 100) 1320 1150 1340

59 K 2 8 1
60 N1 COMBINE HPR Ot;RAPHS 1

( 61 1 91 ,
. 62 KI ROUTING THRU REACH 8 -9

63 Y 1
64 Yi 1
65 Y6 ,1 ,07 .1 1223 1280 3650 .0077
66 Y7 0 1280 240 1260 410 1240 810 1223 820 1223
67 Y7 1040 1240 1200 1260 4350 1280
68 N 1 10
69 KI ROUTING THRU REACH 9 - 10
70 y 1
71 YI 1
72 Y6 .1 ,07 ,1 1194 1240 3350 .0047
73 Y7 0 1240 150 1220 320 1200 940 1194 90 !194
74 Y7 1200 1200 1280 1220 1400 124075 K 1 II1

76 KI ROUTING THRU REACH 10 - 11
77 Y I
78 Y
79 Y6 .1 .07 .1 1183 1240 2550 .0047-
80 Y7 0 1240 360 1220 650 1200 930 1183 940 1183
8t Y7 1230 1200O 1400 1220 1490 1240
32 1% 1 12 1
03 Ki ROUTING THRU REACH It - 12

S5 YI 1 1
86 Y6 ,1 .07 ,1 1169 1220 2850 .0040'
87 Y7 0 1220 160 1200 300 11S0 400 1169 4l0 1169
88 Y7 620 1180 700 1200 800 1220
89 K 1 13
90 Ki ROUTING THRU REACH 12 - 13
91 Y I -

92 Y1 1
93 Y6 .1 .07 1 1136 1180 3550 ,0033
94 Y7 0 1180 500 1160 720 1140- 1420 136 1430 11136
95 Y7 1760 1140 1970 1160 2100 11S0
96 K 1 14 1
97 NI ROUTING THRU REACH 13 - 14
98 Y 1
99 YI 1

100 Y6 ,1 ,07 .1 1122 1180 4400 .0033
I!01 Y7 0 1180 150 1160 410 1140 820 1122 230 112
102 Y7 990 1140 1110 1160 1250 1180
103o K 1 15
104 Ki ROUTING THRU REACH 14 15

+ 105 Y 1

' 107 Y6 .1 .07 .1 1092 1140 3150 0 4
Vis10 Y7 0 1140 430 i120 2,80 1100 1020 1032 1030 138C'2
109 Y7 1210 1100 1290 1120 1350 1140
110 K 16 1
III I, INFLU HYROGRAPH -,ANGAUf FALLS LANE
112 K 1 1 7.26 a8.39

1135 p 1.5 111 123 133 142

-51



Y7 1210 1100 1290 iI2(O $350 1140 - .
110 K 161
1'1 KI INFLOIJ h(DROORAIh! - ANOAUM FALLS LAKE
112 M 1 1 7,26 8,39
113 P 21.5 lit 123 133 142 ,
114 T I ,

115 U 2479 45 2116 x -1.5 -.05 2
117 K 2 17 1
li8 KI COMBINE HYDROORAPHS AT WANGAUM FALLS LANE
119 K 18
120 KI RESERVOIR ROUTING - THRU WANGAUM FALLS DAN
121 Y I
122 Y1 1 163.8 -i
123 Y41056,8 1057 1057,5 1059 1059 1060 1061 10o2 ^6S 1064
124 Y4 1065 1066 1067 1068 1068.5 10? 1069,5 1O7' 1070.5 "07'.
125 Y5 0 8 103 260 695 1250 1905 26A 31 7 *419
126 Y5 5387 6418 7510 8113 8229 8568 8904 9350 :0104 11108
127 $A 0 32,8 43.8 101.9
128 $E1041,6 1057 1060 1080
129 $1056.8
130 $1106911 -Z
131 K 99

I ~ 1 PREViEW OF SEQUENCE OF STREAM NETWORK CALCdLATIONS

RUNOFF HYDROGRAPH AT
ROUTE HYDROGRAPH TO
ROUTE HYDROGRAPH TO 3
ROUTE HYDROGRAPH TO 4
RUNOFF HYD*ROGRAPH AT 5
ROUTE HYDROGRAPH TO 6
ROUTE HYDROORAPH TO 7
COhBINE 2 HYDRO5RAP F8 AT--
ROUTE HYDROGRAPH TO 9
ROUTE HYDROGRAPH TO 10 p
ROUTE HYDROGRAPH TO
ROUTE HYDROGRAPH TO 12
RObTE HYDROGRAPH TO 13

ROUTE HYDROGRAPH TO 14
ROUTE HYDROGRAPH TO 15
RUNOFF HYt;ROORAPH AT 16
COC91NE 2 HYDROGRAPHS AT 17
ROUTE HYPROGRAPH TO 1"
END OF NETWORN

i* FLOOD HIDROGRAPH ,AC, Au"E (PEC-1)
DAM SAFETY VERSION JULY 1978

LAST heIFICATiON 26 FE* 79

RUN DATE* 80/031854
TIME9 13,49,,2,

W AJ FALLS iM 1 0 i** ANOIIUM C-hEE'.
P;'UPACK TUP,, WAYNE COUN(Y, PA,
NDi f PA-00141 PA DER t 64-102

S.. -...
2 ''",-, ...... . .. - : o:, o , ,: ,, ... ' 1 r



-. .- -- q -

A NG AU 1 FALLS DAM W~* 'PX0AjN C.R EK s
PAUPACK TWPey NAYNE CCU.'Iffi.
NDI f PA-00141 PA DER t41 1H02

NO NHR NMIN IDAY 1IR Iu li[t NETRC IPLT I P T NSTAI!
00 0 15 0 0 0 0 0 -4 0

JOPER NVE LROPT TRACE ,~

S 15 0 0 0

MULTI4PLAN ANLLYSES TO BE PERFORMED
RTIS: .00 .90 NPLAN= 1 lhRTIO= 9 LRTIO= I
RTO= 10 0 .80 .70 .60 .50 .4-) .25 .10

SUB-AREA RUNOFF COhPUTATION

INFLOW HYDROGRAPH - LANE CLEMO SUBAREA

ISTAQ ICOMP IECON !TAPE JPLT jPR T.I E ITS AT
1 0 0 0 0 0 10i

IHYDG IUHG TAREA SNAFF TRSI'A TRSPC R AT it ISn"W' 13 AME L&CAL
1 1 .41 0,00 8,39 0,00 0.000 0 0 v

PRECIP DATA
SPFE PMS RS R 12 R24 R40. R72 R%,
0.00 21.50 111.00 123.00 133.00 142.00 0.00 0.00

TRSPC COMPUTED BY THE PROGRAM IS 40

LOSS DATA
IROPT STRKR DLTNR V~IOL ERAIN STRKS RTION STRTL CNSTL A SMV R77i~p

-~0 0.00 0.00 1.00 0,00 0.00 1400 1.00 or~ 0.0,0 0.00

UNIT HYDRO'GRAP~i DATA
TP= .63 CP= .45 NTA= 0

RECESSION DATA

pSTRTQ: -1,50 ORCSN= .05 RTIOR= 2.00

UNIT HYDROGRAPH 24 END-OF-PERIOD ORDINATESP LAG= .63 FIOiRSr CP= .45 QOL= 1.00

8, 22. 17- 13. 10. 8. 6. 5. '1. 3.
2, 2. 2. 1.

110--- EDO-PM~'FO~ ODA HR.MCN PERIOD RAIN EXCS LOSS 0OMp 0 M0,DA HR.MN PERIOD FAI ! E XCS LS 0 . F 0

SU~M 2A.'42 22.C-4 2,, 7 '2-1- -1

C62U.'"( 6.( 6 ( 53)



RESERVOIR RIJLUiNG - [H.'RU LA1RE CLCE 3J ~ ~~ISM~ IO (ECON ITAPE JPLT J:~ R IAE iTAE.Ar

RUDUTING r(,',T'
QL O S GLOSS AV6 IRES ISE OT iJLY

0.0 0.000 0).0o0 .10 0 0
1 0 0,00 00 00 :.

NS7PS N570k LAG AiK X 7 ;2

SURFA.CE AREA= 0. 83o 116,

Co. PAC I TY= 0. 28, ?22o

oELEVATION: 1410. 41 1420.

CREL~ SFI 0 0O~ EXP'~ E:E N. 0GVL Ct S;
111.1,0 610 2,7 1,5 030 . C ,

1412,0 267 lz:,

o REN 0UFLN IS 891, AT TIME 41,50 HauRS

PE4N LOuTFt.DO.- IS 776, AT T7ME 41.75 HOURS

PEAK 0'JTFLOU IS 6.6. AT7 TTPE 41.75 HCURS

HEAN OU'TFLOW4 IS 553, AT 7ihV ;2&0 H6URS

PEMt t'FLbo is 4410. AT TBhE 42,25 lJRS

PEAK~ DU'TFLON IS 3-18. AT TiNE 46~25 HOU'RS

HEK C'jTFLQW HIS :17 AT Tlh 41,50 HOUR'

PA'oJiFtN~ is 5 3, A iE 4 O 5 a0

PEAK OUiTFL.OW H7 8. AT TlhF G~' ~y

taf I



ROUTi G THRU REACH2 - 3

ISTAQ ICOMP IECO4 I I: JL I JPRT INH.fE ISTAGE I'UTG U
0 1 0 0 0 1 0 0

, OUT,, DMI-
GLOSS CLOSS AVG iRES ISAIiE IdFT iPP LST--'

010 01000 0,00 1 0 0

NSTPS NSTDL LAG AhIS1K X TS.K STORA i? S, I ,
1 0 0 0,000 0.000 0,000 0. .,.

ORMAL DEPTH CHANNEL ROUTING

GN(1) ON(2) ON() ELNVT ELMAX RLITH EEL
.1000 40500 .1000 1369,0 1420,0 1850. .02200

CROSS SECTION COORDINATES--STA7ELEV.STAELEV--ETC0,00 1420,00 450,00 1400,00 630.00 1380,00 700,00 1369,00 760.00 1369,00 :4
800.00 1380,00 1170,00 1400,00 1430,00 1420,00

STORAGE 0.00 8,37 19,30 34,29 51,84 7",63 iC,.3 1-S, 19,0 249.3 .'
314,66 387.91 469.83 562,24 665,51 77,?95 90;,65 114. 167, 23 .:4,--

OUTFLOW 0.00 1497.74 5244.35 11355.53 20106.76 33972.37 0-~.6 -/Z25.3 3 36 69.~

171602,20 215460,25 265077,62 321359,16 385427,05 457610,92 533.20 i7,3: ,2637.2 i33u5O,50

STAGE 1369.00 1371.68 1374,37 1377.05 1379,74 13S2. 2 13 ,5.1.1 7,79 .7 .7 1393. IS
1395.84 1398,53 1401.21 1403.89 1406,58 1409,26 14.95 414,63 14732 142.h-." ,

FLOU 0.00 1497,74 5244.33 11355,53 20106,76 33972,37 5191.2-z 7423,33 i 5-?;'T9 1336S.,o
171602,20 215460425 265077.62 321359,16 385427.05 457610.92 5 ..0.20 o279,3 K,547. 3. C 2..

':XIMUM STAGE IS 1370.6

XIM STAGE 15 1370.4

II STAGE IS 1370,2

Ai XiMU, STAGE IS 1370.0

.XiVUM STAGE IS 1,69.8 M

,XIiUi STAGE IS 1369.6

. muIm STAGE IS 1367.4

,'.XiiUM STAGE IS 1369,1

XiIUhU STAGE 1S 1369.0

~ ~i hi> HYDROORAPH ROUTING



.......

4-4

ROUTING THUR REACH 3- 4

~ ~~~~~~ISTM': icoll? IEt:;'+; "j,;' JL I i!!,'EIS.- L',~ 14 . 0 .) 0 v 1 0 0 . ,ISIhG ICOTIEC - ,f "'' PT Ji ~~~ SAE IUC

j' SL0 C LSS AVG incS IS+E A PT hP L3I..
0.0 0.O0O 0.00 1 0 0 0 0I STPS HETOL G 041 T: S U276..,

'ft 1 OhAL DEPTH Cil;A iEL ROUTING

ON(l) M(2) 1 3) ELNYT UMX .LTH SEL
.1000 0700 ,1000 1275.0 1320.0 3900, .04500

CROSS S;CT I N C0ORi ' T.1 YECEU- f', ; LEU -ETC
0.00132.¢...0,. 5 20).O3 340.00 1275.0.) 350.0.!275.00

380.00 5.0, 0 5 50,05 i390.( ,O 680.00 132G.0@

STORAGE 0.0 4.63 14.2'? V .1 1.'i 74.43 5os. 02 ": 12.03
220,13 337.59 404.56 481.3 59,40 V7.27 775,:,2 "1, . ..C,

OUTFLO9 0,01) 307 , '7 1a .94 40'9.7- 8,69 4. 12 . " " ? .. .... . .

A0..... s 87503.23 107o4.68 216o,70 159324.93 19972,81 221 , 2.+  . 9. "25?C "UTF 0."1 02':27J., : :..

STAGE 152.",,( 1277,37 12,7 7 1 2. 11 . .' 1-
12'8,68 1301,05 1303,42 !-05.70 1308.16 1-0,5 13 IZ.Z . 137.i . 132

FLO& ." _D 7.,I7 14 08,', 40 97.. Ci.t 7 2C +,.c1 :., , .

70128,65 87513,23 1077o4.68 131669.70 152 .9 5.0972.. 2 .' ',,

":AXIMUN STAGE iS 1278.6

AXIJM STANGE IS 1278.4

iAXIhUM STAGE iS 1278,1

AXIMUh STAGE IS 1277,9

•XiUM STAGE iS 1 T'?

'AXIMUN STAGE IS 121M.

"AXIKUK STAGE i5 i.a./

t.,MSTAGE iS 1'22.5.4

-'4XiHUH STAGE IS 1 5..

S -~ - ...... -



0 0

HYiDO5RAF H [IiT.A
IHYDG iUH0 TAREA SIIAP TRSBA TrSPC RTI 10 SN .. i SE 0

1 1 .72 %0.00 8.39 0#00 0 0 00 0 0 r

PRECIP D'ATA

0.00 21.50 111.00 123.00 133.00 142.00 0.0 5.
TRSPC COMPUTED BY THE PROO I .0

4W? SRR D;- -K RT~aL ER~ii, S T RS R T 1C' STRTL : T L~; T~

IP: 1.20 CP= .45 111A 0

L, O~ZN DATA
SWIG=~ -1.50 GRC5N= -.0,- RTI0C: 2.06

UNIT H:0RPi44 END-OF-DERIOD Orr.Dir!.-TESr LAG= 11.21 C.'-i~*=
J4, 53. 105. 151. 173. 167.

2'1 21 1 10. 14 1).

A]A

HYDROGRAPh ROUTING

R;.SErV3!R R21UING - THRIJ COBB ?GXL

75A 6 Ch 1CC1 i T,," E j'L i

kL6SS CLOSS 05O IRES iS'I4E i0 G,, T1. M11
0.e 0.000 (.130 1 0 0 0 .5

NTS NSTDL LAIL ;SK ~ N T~ E:A.?.
1 0 0 0.000 V.00 Oi00

SURFACE AREA= 0. 37. 57,



- i A 7AT!M

F0;,0RAPH ROUTING

RESERVOIR TVi'Jri CM P:. O;Kpai

IS740 10I)"c 1ECON I TAF E J?I. J?RT TNA ,7 i K A EET
6 1 0 0 0 0

RrjOTI':G BATA1 0GLOSS CLOSS AV 6 IRES ISAij IGPT P

NSTPS NSTEii. LAO Ai'SK X TS 8. TORA 7S~
1 0 ~ 0000 0.000 .' , v

oSULFRtE ARA 0, 37. 57.

CAPACiTY= C, 306, 916.

ELEVAH0:A= .1-0. 137 10

CREL K-Ulit C001W EXP" ELEV, CC, 5L ~AA E.
327,0 20.0 2.7 1.5 0.0 0.0 C. .5 .0

1329.0 2.7 .5

PEK ,jT;~qIS 1767. ATTlE41.25 HOLIRz

PEON ouT~lF.Jl is 1527, AT TIME 41.25 PIDUR5

PEAN OWiFLOU IS 4t AT T:,hE 41.25 F19UR3A

0-I. L'- **.IS !2.AI IE MR

C~UJIFLWj 1S 100 AT TiIE 4'4.,j

~ ULU F b i S 65.A

Fbit, 00TFLt~l IS 343. Al Tim-- 42 .50

PEA,\ OU1IFL04 IS 77. Ai 716E 43.75 r-5U63

a,' A

Rr,71c V" ;A

LAI'



ROUTiNCr THRU REACH 6 - 7

i~~~~~~~~~STA,, NCO!,.' IEDOY, n'" JP: JR . ... .
WID

&{LOSS CLOSS AVG TRES IU, hK lop;" !PI ' SF'
0,0 o,oo0 0,0, A.)0 0 .

NSTPS NST.., L, G f,:S',,,K X TSK STC'A ,HXF;T'
1 0 0 000 0,000 ,,o') 1o 0

,RHAL DEPTrH CHANHE , .lil

. 1 "'" ... , IL ,S-,

00000 ,0' , 1 .0 0.00 232, ,01250 0

4t4

I?
CROSS SECTION T~ TF~ aA

0'00 13,0 00 000 35010 13 0 ' 0 ,O K .00,) ,, 01 0
930,1100 1300 00 13:00 150,00 1140,00

STORAGE (,,I ,lk 30 ,,.5 6 ic 1 . ..ll .1 93 Z;? : 7: .8.. 4" "" 7' 51r ..2.
609,q0~ 7 70 48 m'09,444 .17,13 10,76,41 1 " t,', : . .. 31..L n i-t 4.1 .. u ... ,," '

uUTFLOIJ 0.00 .157,150 2547.71 71644 1S 9 I0 2) 9 : C-1. .... . .... .. .. ., ..,. , '.u.. ......, ,.

174548 2169.5'0#

17546,87 2£967,95 '.ooB467,70 320539,74 37778,. 4410v 38q 51t. ,, GR7,': .. L. }?1,

STAGE 1283 2.0 ,0.C0 120 0 i3O2,0 122S.0 192.000 1 ,..'
3 1300 1316.00 135. 00 11:0 .0 13400"

STORAGE 0.0',~ ?1325.W, 138.300 13...... C ....

FLOIU 0,00 41 , 2547,71 71.,5 1 267,;!22 4. ,47Z X,:'3 7 ,zk: ':

17545o.87  219.8?95 263467.70 320539.74 377788.66 44,040,88 'iO .11 ,04 S7:.70 ,

'4ihUI STAGE IS 1287.9

,AIhUM STAGE IS 1287.6

sdiMU1i STAGE IS 1237.3

".(ihUi STAGE IS !'?ll,

• jUIMUI STAGE 13 1196.0

-?'.U STML iS 1,66.6

%IMUh STAGE IS i26.3

-, ;"iUM STAGE IS !2-!.2

! ', kihU STAGE is !8.,,

1 .'

... ... .. ... , :,. 747



AA

CO~BI(E ,lf,'I ,,,,.,\B 2 0 0 0 0 v"

9 1 0 0 0 v0
iN ROUTIN3 BATA

GLOSS CLOSS MV IRES iSAME lop' PP L -'
0.0 0.000 0.00 1 0 0

NSTPS NSTBL LA6 Ah.KN! A TS:.~ iE~
0 0 0. 0 0 C.,o!0 .,

NOPtiY% DEPTH CRAN' RUOUTTiN

0 8N(1 ON(2) ON(3) ;ELNVT ELi'AX K11TH E
o1000 .0700 .100 12130 1230.0 3650. .007,70

CROSS AECAION C S VSTAYELD-ETC
0#00 1280.00 2Q0,00 12 S0.0 0 4W.0 , 12 000 i 2 2

1040.00 1240.00 1200.00 1260,00 1330400 1213M00

STOF,,VE 0.00 1627 4C',,' 131, 1 ,J ;- S , ' ,:*, .3iv

1256,92 1477,43 1708.38 1952,26 22.0, 4- 2,, 2 . , ,7,.,3 ,'

OUTFLOV 0,00 500,77 2:6117 5125.86 .77.304... ,
203772,35 256157,25 314300,51 378050,93 447710.44 . . .I-" .. , '

Z STF'E 1223,00 1226,00 122,00 1232,00 .23..C. .. .. . . : ."
1253,00 .256,00 1257,00 1262,.00 12., 1 2 ;,.0, ,"j.'" :"

Fi.I (,,M 500,77 261,.1-7 8125.2 767.... " S ' Z. ......

203772.35 256157,25 314300.51 37050.93 447710.4 ,,.:,1, .,,.; - ;,.

0iAXINUM Th V E IS 1228.7 I '

o "AXluiUi$ SiAK 74 1228.3

{ n 1 7 SAOE 1S 1227,?

,. XAXIIU, 3i*;E IS 1227.6

1A'TJi ST A E 2 221, 2

"~- .-~ -- A



ROUTING THRU REACH 0 8

ISTAO IMO~P IECON 11AIE J1 J'R' '"'.U7 ISTAGE iM'TOj
9 1 C

GLOSS CLOSS 00G IRES I 3' I OPT iPM? L3)T:,

K0.0 00000 0.00 1 0 0 0 0

N ST? S NSTDL L*9 f M X ?S TS RAT

1 0 -0 Moo0 00 OO 3000 o. CI

;RMAL DEPTH CHANNEL ROUTING

.1000 .0700 .1000 12.23.0 1290.0 3650. .00770 -
CROSS SECTION Ci20RD1 NTES-TAEE ,T1 C-V--ETC

0,00 1260.00 240400 1260.0C 410.0~ 12-W.C00 d10.00 1223.00 '020.00 1223.00
1040,00 t20o.00 1200.00 1260.00 2350,00 120.0

STORAGE 0.o 16.,7ii*i;~C... ~ .3 i~,
1258,92 1477.43 0708,58 1952.Z6 2210.76& 2467.9., 277i.83 Z074.3 ~32.

3UTFLOW 0.00 500.77 2861.17 '0125.86 17i 67 ,S4 30?766.1 Z::, 4" 12~ 2 :3 i7C. 9
203772.35 250157,25 314300..1 3782050.7,3 447710.44 92Z41 05?C 942~. 7CJ;S,7 -.2~,

STAGE 1223.0 1226.00 !2Z9,00 1232.00 1235.00 1273.30 :,O c- :24, .X 2i7 2 ~ .
12153.001 260 15.0 1262.00 12465.00 e~. 0. 1210 20C 17. ~ i~.

FLOM ~ 0 50.77 ?-,,1 17 212519.6 17167.84 3768 ~ .~6 :7c.
203772.35 256157,25, 314300.Z! 378050.93 447710,44 514.17. o7.7 :04 2.9. 72SI7 CS IE*?*

.471-M STAGE IS 1?228,7

4iiMUK STAGE IS 1228.3

4XIMUM STAGE IS 1227.?

AXIMUM STA~GE IS 1227.6I

-.XiMUM STAGE IS 1227.2

IXIMUM STAGE IS 1226.4

SSTA,,GE IS 122~'.2

Wft~h STAGE IS 12:)S. IS



-I z t nos'

HY ;R0G3 ' " ;")'I n WS

ROUTING THRd EC l -ll < I

I~~~f. ~~ IiP I. i ";;if JP'LT JP?,T (,,.,.,,, . ,.

10 1 0 0 1
ROUTI!- i:,'TA

OLOSS CLOSS AVG iES ISM1E iOPT !PiP LS, f
0.0 0,000 0.00 1 0 0 0 0

ISTPS 14STDL LAG 7: X 7SX ST0,A IS?..T

1L i 0 0 ,000 0,000 0.000 0.

" ORMiAL DEPTH CHANNEL ROUrTING '

t ( 0,DMD ON3) EL--VT ELMAX RLNTH GEL
4, 1000 ,0700 ,-000 1194,0 124 0,0 335i0, .00470

CROSS SECTO tT!,r ,.-.,-:.)L.~:.r .=
0.00 124')0M I-, e.2000 ' 2-IC ....... 114.. ......

1200,00 12000 1280,00 1220,00 1400.00 17 499000

STORAGE 0.00 34,54 !,7,4,4. 291.59 41K.21 17 'v!. . I ..... ,3"
1597416 106,23 2.021,26 2242,37 2469.57 2702.85 2,-'.,2 ...... . ..

'I'vV. ..- r .74i n ..e * :0.",n' 2, j77. :

OUTFLOW 75M,,2 46.2.4, 145K, 30o44." "'1 " .. .. '
218395.32 263225,o9 311724,17 363917,34 41978392 47310.7?/ 5,124Tr0.V c 9.23" I,

STAGE 1194,00 1i964, ' ". . ..I. l2ci .2. .12073.65......
121821 1"220.63 1223,05 !,.2,4,7 1227.P 12.2, 2. 3,' 714 i2.1.. ..... Q, '

FLOW 010') 7 5 .12 4642.4" x45'72.55 3t'0344.12 70- ,45 7710,' U47 ~ 2
218395.32 263225,69 311724.17 363917.34 410733.92 479310,77 542430. E....." 34S,.

'AXiMUM STAGE IS 1197.5

AXiMUM STAGE IS 11.7,4

AtXIiUM STAGE IS 1'P7,2

,'iXIMUi STAGE 15 1196,8

"AXIMKU STAGE IS 1196.e

-AXIhUMl STAGE 15 iio-4

AXMNSTlrtE !5 11%,'.

( UM STAGE iS 1195,1

:AXIMUM STAGE IS 1194.3 -.

7p



7. * . '.

ROUTING THRU REACH 10- )ii ISTA' ICOKP IECON IY-P: JLT JrT - TE, . . 'u
1I 0 0 '0 0 i v, 0J'.

OLOSS CLOSS AVG IRES ISAiE Ori IP.2 L,,,
0,0 0,000 0,00 10 0 0 0 0

NSTPS NSTD1. LAG ,EN0 X TSN S mORA -orr,17

1 0 0 0.000 0.000 0.000 O. 0

-IRMAL DEPTH CHANNEL ROUTIiG

GN(1) 942) ON(3) EL'VT ELhAX RLNTH SEL
,1000 ,0700 .1000 1183.0 1240,0 2550. ,00470

CROSS SECTiCM CGORMNATES--STA,ELE¢,STAE1EV--ETC
0,00 i2.0,t 0 360,00 122-'.,00 651C,00 20',.00 930.00 1183.00 940.00 1113.0:1-

1230.00 1200.00 1400,00 1220,00 1490.00 1240.00

STORAGE 0100 !059 ,4 S4.7" - ., 8 :".. 1 0 At , 2, "4 700,.

848,74 1009.17 1181.72 136,32 15.0 I :2 2. " -

OUTFLOU o.00 366.04 2074,4 5S74.90' 12392,74 7 8 5 14:,.9 6. ' . . i± o.

149033,0? 198459,64 232666,04 281806-26 336003.1S 395346.02 45?9?Q '3, 0 '' 9. 1,7 ."
,~~0 1 ,, tat, .... .. 12..,a iis7,: 02'

STAGE 1183 .19.001203,00 1216.00 1219.,00 122.0 1225. 230. 123- 12 0 ..... 7 .. " ....

MWI Li 00 366,04 2074,i4 587M67/ 1-1392,74 -.'L765 5 c,2,5 5E, "'.  "'2 ;'5 ;'""1 ".1

-I 149033,09 188459.074 232666,04 230.06,26 M3031 2 .... 11. 0 :9,,7 .;: C r a oi

, ,iMUM STAGE IS 1189.4

'A;rU, STAGE IS 1189,1

" '01,UM STAME IS 118,3,9

XIMUM STAGE IS 1188,3

,'(IiUM STAGE IS e 7,3

,XIUM STAGE !S 118",

, (I'i STAGE IS 1165.,

XiMU STAGE IS 113.7

...... - - - -



7-,,., 1 1 .W, 77.7

ROUTING THRU REACH~ 11 1

1STA10 iCOP IECOlI !1i, JPLT JFPT ,, IS OZaE IrU.G
12 1 0 0 0 i 0 0

PSOUTIIiG ,i,;

GLOSS CLOSS AVG iRES ISANE IOPT IPIP LSTR
0.0 0000 0.00 1 0 0 0 0

jSTPS 1STOL LAG AP.SXK X TSK STCR; IPAT
1 0 0 0.000 0000 0,000 0. 0

,RMAL DEPTH CHANNEL ROUTING

ON(1) GN(2) 00(3) ELNVT ELMAX RLITH SEEL
.1000 J700 .1000 1169.0 1220,0 H350, .004-0

CROSS SECTiON COORDiNATES--S7A , ELE; VSTA,ELUJ--ETC

0.00 1220.0 160,00 12000 1 00.00 !1.0o00 400,00 1169.00 410.00 1169,00
620.00 1100,00 700.00 1200,00 SO0,00 1220.00

STORAGE 0.00 8,40 30,08 6.,05 1 13,30 % .5p 2'," " 3!.. -. . .;-
540.74 630.14 724.81 825,48 932,27 i6 ,4,-3 ,-19, .. IV.. 1 158,1

O3UTFLON 0.,00 207°,51 ,6. 74 3.58 , 7/ 92 3 5,.5 2: 1 2 2 F

83985,70 103 54.23 125750.83 149732.50 175944,37 204436,16 23521,2.1 '3460,. 7Z,4:.7i 74. ,

STAGE 1'49,0 1171,68 1174,37 1177.05 1179.74 .. 2... 1135111 /. :7 119....

1195,84 1198,53 1201,21 1203,89 1236.53 1209.26 v.C5 14 0 1217. t2220.

FLOW '0.00 247,51 1360.74 78L 7 81.33 15403,45 25041.3' 36724, .. "8398579 103854,23 125750,83 149732,50 175944,37 2:4436.86 2.5261.21 23469. '-.,3 4P2242,

4iXiUM STAGE IS 1175,7

GAir=M STAGE IS 1175,3

*XU SFAGE is 1 7 ,0

AXIMUM STAGE IS 1174,

;4XIMUM STAGE IS 1174,4

)'XIMUM STAGE IS 1173.7

AXIMUM STAGE IS 1173.0

"N i M1 STAGE IS 1171,9

SXIIiUM STAGE iS I16,? 9 1

S - ., .,+ . .. -. +
_ ) + ,p



ROUTING THR'J REACH 12 IS1

(~! STAG ICOMP IECON IhW I K 'I'F PiME6
13 1 0 0 0 a I

RO'JTIG PAIA
GLOSS CLOSS AVG IRES ISAW i OP I LSTR

0.0 0.000 0.00 1 0 0 0

NSTPS NSTDL L'AG A"'21' X T'l( STORA ISPRAT
1 0 0v0 000 0.000 0.Uuv

CIRMAL D'EPTH CHANNEL ROUJTING

ON(I) Q 11(2) 1(3) ELNVT ELM AX R L 'T.4 S

.1000 .0700 .1000 1136,0 1180.0 3550, .00330 1

CROSS SECTION COORDIlA TE S- -S T' 1 EE ST' ELE-N 7 -F T
0.00 1130,00 500.00 1160.00 71C.v-0 1140,00 1420.00 11,36400 14733.00 11. v"C

1760.00 1140.00 1970.00 1160.00 2100,00 1180,00

* STORAGE 0.00 58.16 225. C- 423.56 64.1 111.)3 1 1~ iI 3.9 :~, 17.1.
2116.45 2396.05 2689.2 2995,97 3316.58 3650J.9.' 41: 4~.~ 1S:

OUTFLOW 0400 972.72 6450.23 18488.36 35277.43 ',405.15 1:;~~ ii'2.5 : 77.; 1S72.
221321.10 265322.78 313087.05 364820 36 420559.13 4K0311.40 544:N7.42 12 .26 i$4o. Zi 7c0455

STAGE 1136.0 1138.2 106 i142.3 1145.26 11417.5C 114.3? 221 :4.5 .

1159.16 1161,47 1163.79 1166.11 11A8,42 '170.74 117 3,(5 117Z .37 11.6

221321,10 265322.78 313087.05 364828.36 420559.13 430311,40 544127.2~ 25,~~i~.; 7C5,

AXIMUM1 STAGE IS 1130.9

AXiMUM STAGE IS 1138.8

V!A2I1Ui1 STAGE I S 11B0.1

AXIlIUI STAGE IS 1138.6

"4XIMUM STAGE IS 1133. 5

,AXlft STAGE 1. 113033

MU STASE M 1131,1

*XIMUM STAGE 1S 1 il3&2I

STAOE I i13NO



2~5-

ROUTIIiG THRU REACH 13 - i

L ISTAQ JCH ECON 'tI fj"E j; J JPRT I IAt.*.. I3" ST. , U

14 1 0 0 0 0 0 C ,
RouTIHG; "'ArA ;
MS U ii' lo, MPLS

GLOSS CLOSS AVG IRES ISii IOPT IPiP LST,
0,0 0000 0.00 1 0 0 0

NSTPS NSTDL LAG MSCIK X TEN STORA SPr.T
1 0 0 0,000000 0000 O.M 0 0

"-'RYAL DEPTH CHANNEL ROUTiNG

ON(D OGN1 GI013) ELNVT ELMAX RLINTH SEL
,1000 .0700 .1000 1122,0 1180,0 4400, .00330

CROSS SECTI 1I C0011 NATES--TELV3TELEV- 2T1
0,00 118000 150.00 11 0.1O 410,00 1140,0 320.00 1122,00 ZZ0O0 1122,0

990.00 1140,00 1110.00 1160,00 i250.00 100100

STORAGE 0muO 17,9? 65.78 143.,3 '0,7? . . c .4.... '. 1177,:

$21420.80 1681.97 1961.02 2257.31 2567.68 26K1.70 Kw I, -42: I'

OUTFLOW 0.00 305.96 1727,50 480 .14 9X294,50 1'622. 0 O1?.26 472.3 ""1 . 7
123685.00 156395.90 192941.5 233533.23 27828.33 326?04,75 379457,66 ,,,9.9.O' " 0 oG90.

STAGE 1122.0v 1125.05 1128. 11 1131.16 13 4. 21 11372 6 11 2 i13.7 1Q1*1
1152.53 1155,56 1158,63 1161.68 1164,74 1:ti.79 11/041; ~ 7.9 i7. ~ "~

FLOW 0400 305.96 1727.5k 4204.14 10234.50 184241 3...2 0  I.. ". ... 4
123685,00 156395,90 192941,25 233583,23 278288.33 51o904,75 Z 0457.6o 4 ...... 510, 56 07C..

4XiU STAGE IS 1128,8

1XIMUM STAGE IS 1128.5

AAiMUM STA' iS 1128.2

'IAXihUM STACE iS 1127,0

iAXIMUM STAGE IS (0.2

AXMMSTAGE IE h24. 5

.AXIMUM STAGE iS 1125.9

~.~liSTAGE IS 115. 0

":AXIMUM STAGE iS 1(22.8



Hy"O R or. .i j.! 1""
ISTAG ICOM? IECOII IT . J Ii'i;,

ROUTING THRU REACH 14 15

1. STA5q ICOMP IEC O 'I I A" ' .- .i., j.Rf IB.AhPE K3.q u- AUTO

15 1 0 0 ,

GLOSS CLOSS AVG IRES ISdiL IOPT IPP LST,
0,0 0,000 0,00 1 0 0 0

NSTFS HSTDL LA G i'3h X TSK OSTCRA 1 PR
1 0 0 0.000 0.000 0,0,00 0. 0

IRnAL DEPTH CHANNEL ROUTING

ON(t) 011(2) Q0i3) EU!T ELMAX RLUTH SEL
.1000 40700 o1000 1082.0 1140.0 3150, .01540

CROSS SECTiON C0ORDIUkTES--STAELEUSTkELEU--ETC
0,00 1140.00 430,00 1120-0 GO.0 110,0, 1020,00 032.00 10S0.v 11022.00

1210,00 1100.00 1290,00 1120,00 1350.00 1140,00

STORAGE 00 8.20 28,37 60,3 212,8.7 ', "'.2 .. 5 ..
670,55 925.60 998.51 1189.07 1396,28 16,0. u So,.2 2'i.., . 267,

OUTFLOW 0,00 435,55 2293.12 6304.6,, 13090,41 23'206.16 4 7. F.0 C, 2 :,"
160687.20 207004.43 260373,53 321351,25 30126.25 467035.00 552213,1*8 646312,79 7 1,i 487: Y,

S T A G E 1 0 8 .0 0 1 0 8 5 .0 5 1 0 8 8 .1 1 .0 9 1 .1 6 1 2, , ,. C,3 2 : .... ..
M12,53 1115,58 i!8& !115 147iZv... ....;;uc: +<-..,,:= ,oY ... " 1i;.L

FLOI 0.00 435,55 2293,12 63-04,66 13090,41 23.2 , 46 3756.03 59'- 1 5. 75 02, ,,

160687,20 207004,43 260373,53 321351,25 390186,25 467035,00 152203,12 60"2,79 7437i,.'4 9,724.'

-.XiUM STAGE IS 1088.2

.XihUM STAGE iS 1037.9

'(IhU, STAGE IS 10817,4

AXIMUM STAGE IS 1086,?

4XIiUM STAM3E I1 '.

iIM STAGE IS , II

;AX IMUh' STAGE IS 108.6

4. -+ . 4. c.



INFLOW HYDR03RAP1H - Ui3V' ..$I.i

ISTAG ICOfi? IECOll IT~. Jc' ji'RT I. ISTA'5E U0

HYDROGRApli PAl A
1HYEIG WHO T.4REA SNA TRSb rTi'%C RATIO ISNGou ISAME LOCALI

1 1 7,26 0.00 8.39 0,00 0.000 0 0

FPRECIP DATA
SPFE PtiS R6 R12 R2,1 R48 R 72 R76

0.00 21,50 111.00 123.00 133.00 142,00 0.00 0,00
-RSPC COMIPUTED BY THE PROGRAM IS .-GO0

IROPT STPINR DLT.\R RTI OL ERAIN STRNS RI ION STE74L C (*S T: miLS1,X R 11
0 0.00 0,00 1.00 0,00 0.060 100O 1,0.3 05 0 ,0 0.06

UNIT HYDROGRAPH DATA
TIP= 2,79 CP= .4Z NT?'- 0

RECESSION DATA
STRxTG= -1.50 ORCS"= -,05 RTIOR= 2.0

UN~IT HYDROGRAPH 9? END-OF-PERiGD ORDINATESY LAO= 2.81 EDCL-ti CP= .45 'V0L .,00
18. 69. 141, 228. 324. 4 2 8. 53,. 62i. ~ 2. '

774. 774. 743. 70" 6. 1' 7~/ 0.

470, 444. 420. Z96. 374, 354. 334. 35. ~ . ::
2b6. 25!. 237. 224. 212. 2400. 15?. .78. IZ 9.

150, 142. 1341. 127. 1240. 113. 107. 101. 70.

85.l 1,04 76. 72t 62, o. 611. 57. . 5*
46. 45. 43 . 410, -8. 1 .76 34. 32. :A
27, 26. 24. 23 22. 20,. 19. 23. 2
15. 1. 14. 13, 12. 12, 1!. 1.3. 7.

0 EDO-E1DFLOU
MO,DA HR.hN FERIOD RAIN EXCS LOSS C0h? ! iO.DA HR.Mil PEIRIO7D RAIN ;,LOES :10 85 CO 8F

SU% 24.42 2.; 2.39 :2.

OrihKNE HYI'ROGRAPHS 4

CMVN HYtARAFS AT WAWU FALIL AX E

ISTAO iCOiP IECOII ITAPE JPlLT JPR,'T INAME 1iSTASK iA l'3
17 2 0 0 0 0 1,

'YDR6, 0 I N
. . . .. .. . . .......



HYE i..GS[I RIMII N

RESERVOIR ROUTiNG - THRU iJAIt, iM FALLS [AN

ISTAO ICOMP lECON ITAFE JILT JPRT I'JAI', iSTAGE 1 A TO
13 1 0 0 0 0 1 0 0

ROUH0 IW~ ?A
GLOSS CLOSS AVG IRES ISA1; IOPT IPMP L3 T R'

0,0 0,000 0.00 10 0 0 0 0

NSTPS NSTDL LAG AhiSKH' X TSK T" .A SPRAT
1 0 0 0.000 0.000 0.000 169.

STAGE 1056,80 1057.00 1057,50 1033,00 i -19.00 B, A. 1061,," j.v:2,0v 103,00 !064..? I, -
1065.00 1066,00 1067.00 1068.00 1068450 1069.00 1-067.5 0. 1070.S0 1071.O53700 6180 71 .00 o11,00 8229.00 85006(, 4,0 0 n;, ,3000 11 .0 1i0

FLOW 0,00 8.00 103,00 260,00 635,00 1250,00 i 0 0 6 2517.005387400 6410".00 7510.00 8113,00 8229,00 ""053.0" ^" SuH...,0 9vuv 5 " u 0.uu .' 0' II6,,!

SURFACE AREA= 0, 33, 44. 102,

CAPACITY= 0. 168, 283, 17G, I
ELEVATION= 1042. 1057, 1060, 1080.

CRtL SP1iD C1O.1 EXPU ELEUL COOL CAREA .?L
1056,8 0.0 0.0 0.0 0.0 0. 0,0 0.-

KN~ DATA
TOPEL COOD EXP. EA;I ;ZT

1069.1 0.0 0.0 0.

.'EAK OUTFLOW IS 13401. AT TiME 43.50 H-URS

EAK OUTFLOW 1 11911, AT TiME 43,50 HOUR5

"AK OUTFLOW IS 10251, AT TiME 43,75 HOURS

-AK OUTFLOW IS 8601. AT TIME 44.00 HOUR"

EAK OUTFLOV IS 7534, AT TIhE 43,75 iOURS

"EAK OUTFLOW IS 6118, AT TihE 43,75 HOURS

"AKOUTFLOA IS 4723. T TI HE 43.75 HOURS

I EAK OUTFLOJi5 fS 235. AT ilE 13.S0 "U.S

' EAN OUTFLOW IS 1101. AT TihE 43.50 H0URS

4r



PEAK FLOW AND STORAGE (END OF PERIOD) SUKIHARY FM MUL! TiLE PLAN-RAT!O ECO-NG6:IC Cu.,1UTATI:,S
(--/. FLOWS IN CUBIC FEET PER SECOIP (CUBI METERS PER SECG1i)

AREA IN SQUARE NILES (SLIUARE KILOMETERS)

RATIOS APPLIED TO FL01 ,.

3PERATION STATION AREA PLANi RATIO I RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATO £ RATIO 7 RATI '03 RATIO 0
1,00 , 90 so 70 .60 *50 .40 .25

'YDROGRAPH AT 1 .41 1 1453. 1307, 1162, 1017, 872. 726. . , l',
1,06) ( 4i,13)( 37,02)( 32.91)( 28,79)( 2't.6)( 20,57)( 16..)i 0.26)'( 4.1 )

ROUTED TO 2 .41 1 891, 778, 666, 553, 440, 7:," 217, ,s.
1,06) ( 25,24)( 2204)( 18,86)( 15,66)( 12,47)( 9.30)% 6.15)( 0.)( .2"

,OUTED TO 3 ,41 1 891, 779, 665, 553, 441, . . 27.,,
( 1h06) ( 25o22)( 22,05)( 18,83)( 15,66)( 12,47)( 9,30)( 6,!5}( h156(,t%, 41

ROUTED TO 4 .41 1 890. 777, 665, 551, 440, 32, 215. 58.
1,06) 25,21)( 21,99)( 18,83)( 15.61)( 12,45)( 9.29)( 6.0( 1,64'( .- ,

iYDROGRAPH AT 5 ,72 1 1837, 1653, 1470, 1286. 102. 9v?. ... .
186) ( 52,02)( 46482)( ( 36,42)( 31.21)( 26.01.)( 20.0:)( 13,0:)( 5,2 0

\OUTED TO 6 .72 1 1767, 1587, 1406. 1224. 1040. 853. 657. 343, 77.

( 1186) ( 50,04)( 44,93)( 39,20)( 34,65)( 29.4)( 24.16) 13,61)( 9.72( 2.,19

iOUTED TO 7 ,72 1 1753, 1575, 79 7, 121. 1037, 81. 657. 397,

1,86) ( 49.64)( 44.61)( 39,56i, 34.49)( 29.37)( 24.09)( 13 ,59)( 9,57)( 2.,

2 COMBINED 8 1,13 1 2634, 2339. 20422 1742. 1446, .177, 337. 3Z.. '5.

2,93) ( 74,59)( 66,24)( 57,63J( 49,33)( 40,94)( 72,2) 270.7...( .10.,92( 2.40:

.OUTED TO 9 1,13 1 2605. 2314, 2020. 17254 1433, 129. 30. 373.
( 2,93) ( 73,78)( 65,52)( 57,2i)t 43,36)( 40,58)( 31.97)( 23.49,( :0.5M 2,30o

JOUTED TO 10 1,13 1 2550, 2269. 1984, i457 1403, 1106. "
2,93) ( 72,21)( 64,24)( 56,19)( 4S,05)( 79,74)( 31,37)( Z5"L( '00)( M7

ROUTED TO 11 1,13 1 2546, 2261, 1971, 16,c3. 13. 109. 77S7. .7. 3.

2.93) ( 72,10)( 64,03)( 55,62)( 47,7S)( 39,46)( 31,11)( 22.29), 62( 2.34:

ROUTED TO 12 1,13 1 2534, 2252, 1959, 1678. 1333. ". 7 t3 - z
( 2,93) ( 71,77)( 63,76)( 55.48)( 47,51)( 39.15)( 20.77)% 224 2)( 9.74 2..

ROUTED TO 13 1.13 1 2471, 2194, 1910, 1627. 1331., "00, 71, :..

2,93) ( 69,98)( 62,12)( 54,09)( 46,08)( 37.70)( 23,46) 2,, 2Z( 9.,3S) 2.2.

R OUTED TO 14 1.13 1 2435, 2152. 1872. 1575. 125, 973, 719. 7.

2.93) C 68,95)( 60,94)( 53.02)( 44,60)( 36,39)( 27,56)( .7.( 2) 3.6( ..

J TO 15 113 1 2427 . 1. 1'64. 1569, 1232. 970. 097. 302. 77.

( 2,93) ( 68,73)( 60,89)( 52,77)( 44,44)( 36.30)( 27.43)( 19 .7.) i %,o 2.23'

6YDROGRAPH AT 16 7.26 1 1162:. 10459. 9297, 8135. 6973, 5810. 4643. 2905 i2.
18180) 329,07)( 296,16)( 263,25)( 230,35)( 197.44)( 164. 53)( 8.23 ..27)( 32,91'

-1 14.



2 COMBINED 1,./ 8.39 1 13786, 12291. 107971 9320, 7794. 6311, 4834. 2967, Ilu
21,73) C 390,38)( 348,04)( 305,73)( 263.92)( 220.70)( 178,71)( 136,89)( 84,0C)( 33,40-

%OUIED TO 18 8,39 1 13401, 11911, 10251, 8601, 7534, 6118, 4723. 2835, 110.,
. 2173) C 37948)( 337,29)( 290,29)( 243,56)( 213,35)( 173,25)( 133,73)( 80.27)( 31,17)

SUMlIARY OF DAHI SAFETY ANALYSIS

PLAN I ,,0 ,..,,,,. INITIAL VALUE SPILLWAY CREST TOP OF DAM-
ELEVATION 1410,99 1411,00 1412.00
STORAGE '27. 28. 113,
OUTFLOW O 0. 22,

RATIO IVAX iVb MAXIUM VX10Ul NAXI U1 DURFATION TiNE 9 57 5
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP :AX OUI.*li ,1:.

PMF USELEV OVER DAM AC-FT CFS FOURS "....

1,00 143.58 1,56 254, 891, 18,"50 0 4v^ ^0
.90 1413.44 1,44 14i, 778, i.001.75 0.00
.80 1413,29 1,29 227, 666. 17,25 41,75 0.00
,70 1413,13 1,13 213, 553. 16.75 4.,0 C
.60 1412,96 ,96 1I8, 440, 15,75 42.25 0.00
50 1412.78 .78 101. 328. 14,7Z Q,23 0 .0
.40 1412,57 ,57 163, 217. 1 .. ..
,25 1412.13 .18 128, 58, 9.75 .. "'
.10 1411.51 0,00 71, a, 0.00 0=%";,0

PLAN 1 STATION
4~ r4

RATIO FLO ,CFS STAGErFT HOURS

1.00 891, 1370,r, 41.75
.90 779, 1370.4 41,75I .80 605, 1370.2 41,.3
.70 553, 1370,0 42,03
4 .60 441. 1369 r 42.25
.S0 328. 1369,6 42,50
.40 217, 1369.4 42.75 I
.25 53, 1369,1 43,75
.10 8. 1369.0 45.00

PLAN 1 STATION 4

M AXI UM PAXIhdH M E
RATIO FLOWCFS STAGEYFT .....

, 1.00 0. 1278,6 41,75U .90 777, 1278,4 41.75
.80 6 1278,1 42.00
.70 551, 1277,? 42.00

- .60 440. 1277,7 42. j5
.50 328. 1277.4 42.50
.40 215, 1276,7 43.00
.25 58, 1275,4 43,75
.10 8. 1275.1 45,25
SUKMARY OF PAM SAFETY ANA; Y'013

~. -



PLAN I * *,*,,,,,* INITIAL Vl',LUE SPILLUAY CREST TCP OF 111?
ELEVATION 1327.01 1327.00 9. a0
STORAGE 30,. 306, 393,

OUTFLOU 0, 0. 153,

RATIO MAXIMUK mXiiWI MAXItU HAX5iU I *URATiON TTiE OF TIME OF
OF RESERVOIR D"PTH STORAGE OUTFLOU OVER IOP AX C,.LU FAIL RE
PFF U.S.ELEV OVER DON AC-FT CFS HOURS i RS HIOURS

.00 1330.45 i,45 4434 1767. 10.75 0,00
10 1330,34 1,*Z4 43S, 1587. 10.25 4,15 0000

.60 1330,22 1I,22 433, 1406, 9.75.25 040

,70 1330.10 1 10 428. 1224, 0oo. 0. .-
.60 1329.96 96 423. 1040. 15.. 0.00

.50 1329.82 .82 417, 853, 7 50 4".50 0.00

.40 1329,65 065 4!0. 657, 41,75 0.00

.25 1329,33 433 397. 343. 4.25 42.50 0,00
.10 1328,27 0.00 3"5. 77o 0.00 4".75 0.j0

PLAN i STATION 7

0 Ax!,iUR 2i1U TiK.E -

RATIO FLONICFS STAGeiFT FuUR

1,00 1753. 12 7.9 4 .,0

.90 001 112577 4,
4B0 1397, 1287.3 4A,50
7 121, 1287.1 41,50

160 1037, 1286.8 41.50

.5 39, 125,2 42.75.J 1 12S6.0 41..50
.40 657. 1286.3 4'1.75,25 339, 1 ̂ 43 2 27

.10 77, 2.... 44,00

PLAN 1 STATION 9

MiAXIMU vi 'X1U T'iE

RATIO FLO0WCFS STAKEFT Kull"S

1.00 2605. 12." 41g5g
.90 31t. 1228.3 41+75

.80 2020. 1227.9 41.75

.70 1725, 1227.6 42.0I

.60 !433. 1227.2 2.00

..50 1129. !22o.8 z2.25

140 4, 1 .12 I IS

m4 1235 40

: , ( PLAN I STATi5N 10

RATIO FLOWCFS STAE?FT n -U

1,00 2550. 1197. 42. 25
__ _ __2_5



SAN I SATI& ! 10

MAXivJM MAXIMU-3 Ti,0 RHIO FLGWCFS STACE,FT HOU S

. 1.00 2550, 1197.5 42.25
Ii0 2269., 1197.4 42,25,
.80 1984, 1197.2 2.25o .10 1697, 1197,0 42,25
.60 1403, 1196.8 42.50
,50 110 . 1196.6 42.50
"40 795, 1196i, '3,00
,25 353. 1195,1 44.30
.10 83. 11., 45.25

PLAN I STATION it

mAxilim , A IIX :11UM 1 Ti 'iE

RATIO FLOICFS STACEiFT KURS'

1,00 2546, 1189.4 42,25
,90 2261, 1 42.2 "
*80 1971 . USSS 40
470 1686. 1132.3 42.Z,

,0 1394. U37S ,o 5 0.0 1099 ! !3 .3 42. Z
*s7o7, 11M.7 ,-

3 347, 1i.8 0 A
o 10 83. 1183.7 4350

PLAN I STATION 2

RATIO FLOWtCFS STA5EFT H 5., R

1 .00 2534. 1-75.7 12 *30
o90 225,2, 2
480 195O, 1175,0 42,75
.70 1678, !174.7 42.75
,60 1013, 1174.4 42,73
.0 10 37, 1 17".7 -" Z-V.

,40 778. :173,0 ....
.25 344, li;. 9 4 5

010 82, 169?,9 4".0'

PLAN 1 STATIN '13

0 MAXiiUM "X'":M TTwE
RATIO FLOWCFS TA13EFT K'

1,00 2471, 113 ..0
°90 2194. l8 , 43.00
80 1910, 123.7 .i3.-0
.60 1331, ! 5 4" .56

,50 10051 1120.3 3,75 .7
,40 715, 1137.7 2Z

' + + -:. ..... .... .. ... ... ... ., + +..+ .,+ ... ... ..... .. , + + r I' ' ' ll.25|



.0 1627. 11 86 432
,60 1331. 1138,5 43.50
-50 1005, 1133.3 43,75
40 715, 1137.7 44.215

"25 321. 1136.8 45,25
- .10 80, 1136,2 46,75

PLAN I STATION 14

MAXIMUM M'AXIhUM TIME
RATIO FLOW,CFS STAGE,FT HOURS

1,00 24354 112'8 43:Q3
90 2152 . 1128 5 4 i' S
.80 1872, 1122 435
470 1575, 1127. 43.75
00 1285, 1127,2 44.00

.0 973, 1126,5 44.1Z
40 699. !2.125,9 44,75

304. 1125,0 46,0'
110 79, 1122,3 47,50

o PLAN 1 3TATIia 15

MAXIMUM .AX. h" T....
RATIO FLOGUCFS STACEFT oURS

1.00 2427, 1082.2 3...
90 2!50, 907.9 43.50

80 1864, 1!c7,4 43,75
-" .70 - 1569, 1086.9 43,75

.60 1282. 6S.4 44.00
.50 970, 10 S 44 5
.40* 697, 10855 45,00
.25 302, 1084,1 4'r,10 79. :082.6 47,75SUMMARY OF DAM SAFETY ANALYSIS

PLAN 1 ,,,,,,,,,,,,,, INITIAL VALUE SILLWAY CREST T6. JF AN
ELEVATION 1057.01 J06.8 09:
STORAGE 169, !62, 73g.
OUTFLOU 10. . ,

RATIO hAXIMUM MAXIMUM MAXi AXI MXINU Di...... TD:uE2 ....
OF RESERVOIR DEPTH S'O-'rGE OU.FL. .C ,l E ; 70 A n

PhF W.S.ELEV OVER DAM AC-FT CFS "ZI .... S

1.00 1072.14 3.04 1002, 1.401. 4,75 43.5' 3.00.90 1071,40 2,30 947, ;.0" ".0 .1,80 1070,57 1.47 887. 10251. 7.C0 43,5 coo
' .70 1069,05 0,00 781, 8601. 0,0 C .01 .00

.60 1067,Q4 0.00 652. 73 .. .. 0
50 1065,71 0,00 572. 0 .. 0640 1064,31 0.00 494, 4723, v.00 43,7 000
,25 1062,22 0,00 38, 2.351 0,00 43.50 0.0
.i0 10S9,73 0.00 271, ,101. 0,00 43. 0.00EO 1, UTI~

• .
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GEOLOGIC REPORT

Bedrock - Dam and Reservoir

Formation Name: Catskill Formation, undifferentiated.

Lithology: Grayish red to greenish gray and mottled red-gray

siltstone, interbedded with silty shale and fine sandstone.

Structure

The site is within the Pocono Plateau area and the beds are

essentially horizontal.

rAir photo fracture traces trend: N700 W, N10 0W, N200 W, N30 0E
N25 0 E, and N15°E.

Overburden

This is an old dam, rebuilt in 1926, and again in 1956. Very
little foundation information is available. The site is within
the limits of Pleistocene galciation and thin deposits of ground

morraine till are present in the area. Glacial outwash consist-
ing of sand, gravel and silt is present in the valley of Wangaum
Creek.

Aquifer Characteristics

The rocks of the Catskill Formation are essentially impermeable,
ground water moves entirely along bedding planes and fractures.
The strong expression of fractures seen on the air photos suggests

that there is considerable ground water movement in these fractures
here. However, the most permeable aquifers in the area are the
sands and gravels present in the stream valleys.

Discussion

Leakage was reported at the right side of the dam and at the
center of the toe in 1931. This leakage increased and repairs
were requested in 1938. These leaks were probably, in part, under
the dam, in the valley alluvium, or through bedrock fractures.
The dam was repaired after being breached in 1955. The new spill-
way on the right side was founded on rock and a four foot deep

cut-off trench is indicated on the upstream side of the spillway.

There is the possibility of water movement through fractures
beneath this cut-off trench. There is also the possibility of
leakage under the central part of the dam, through alluvium that

may be present there.



Sources of Information

1. Manuscript Geologic Maps of the Waymart and Howley Quadrangles,

open file, Pa. Geological Survey, Harrisburg, Pa.

2. Inspection reports on file.

3. Air photographs. Scale, 1:20,000. Dated 1966.
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